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(71) We, Matsushita Electric In- 
dustrial Company Limited, a Japanese 
company, of 1006 Oaza Kadoma, Osaka-fu, 
Kadoma-shi f Japan, do hereby declare the 
5 invention, for which we pray diat a patent 
may be granted to us, and the method By 
which it is to be. performed, to be particu- 
larly described in and by the following 
statement: — 
10 This invention relates to a display or 
display and recording device, hereinafter 
referred to, for brevity, as a display device. 

The invention includes a display device 
comprising a layer, including a luminesc- 
15 ent material, the luminescent appearance of 
the device being controllable by elcctro- 
phoretic movement of an eiectrophoretic 
material in said layer. 
The invention also includes a display 
20 device comprising a layer including a sus- 
pension medium and at least cne material 
in a form susceptible of eiectrophoretic 
mobility suspended in t'aid medium, at 
least one of die components of said layer 
25 being luminescent, and at least one of the 
components of said layer being substan- 
tially opaque to the radiation which excites 
the luminescence or to visible light, said 
suspension being bounded by opposed sur- 
30 faces, spaced electrodes positioned with 
respect of said surfaces whereby on apply- 
ing an electric field across said layer be- 
tween said electrodes, the spatial distribu- 
tion of said eiectrophoretic material be- 
35 tween said surfaces is elect rophoretically 
changed whereby to change the luminescent 
appearance to said device. 

The invention makes possible a lumines- 
cent display device having a large and /or 
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flat or curved display panel. The panel can 40 
be flexible. 

Oilier features and advantages of the in- 
vention wHl be apparent from the following 
description o£ embodiments thereof, given 
by way of example, and the accompanying 45 
drawings, in which: — 

Figures la, lb and 1c are diagrammatic 
cross-sectional views of a display panel; 

Figures 2a and 2b are cross-sectional 
views of another form of display panel; 

Figures 3a and 3b arc diagrammatic 
cross-sectional views of another form of dis- 
play panel; 

Figures 4a and 4b are diagrammatic 
cross-sectional views of another form of 
display panel; 

Figure 5 is a diagrammatic perspective 
view, part broken away, of a form of dis- 
play panel; 

Figure 6a is a diagrammatic front view 
of an electrode for use in monogrammic 
character display panel; 

Figure 6b is a diagrammatic cross-sec- 
tional view of the panel of Figure 6a; 

Figure dc is a diagrammatic front view of 
an alternative form of the electrode of 
Figure 6a; 

Figure 7 Is a diagrammatic perspective 
view, partially broken away, of an imace 
display panel; 

Figures 8a, Kb and 8c arc diagrammatic 
cross-sectional views of an electrostatic 
image display panel according to this in- 
vention; 

Muuro 9 is a diagrammatic cross-sectional 
view of another form of image display de- 
vice; 

Figure 10 is a diagrammatic cross-sec - 



60 



65 



70 



75 



1.314.906 



play; . if die deep green suspension layer is sub- 

cjourc 11 is a diagrammatic cross-sec- d unidirectional electric field by 

.ioVal view of a display pand: £ ltagc from SO urec 50. the £*£jbo*e* 1Q 

tr „«. n/T md lib are diagrammatic inatc rial is caused to move cicclrophorUic- 70 

of a display panel; nr^rective anode 23. A non-uniform spaual distribu- o 

Fl " M ? "tt^S^T^S^i SSn Icsults as shown diagrammatical* ,n 

view of a member for use in uic v ^ ^ 

Figure 12; and rm«-sec- This different spatial distribution of the 

Piaure 14 is a d'^ ra f Hi c XTc- ,„aSan6 results in a luminescent appcar- 

tional view of another form of displaj d, JJJJ^J^ lhat of , hc original sus- SO 



iiunai — a ncc aiuenng irum "<n »~ — — 

15 vice. . . . „ nH -h^ncs 0 F D -nsion layer of uniform distribution, tor 

In the drawings, the size and J»P«£ Sole the panel may show a bright green 
elements arc not to ^J^JffS S5F at thoanodc because the green light 
elements have been purposely dBt ^j2-gStod m response to .source. 32 ten*-th*-_ 
.. ^?;£**J%£t reference charac layer of Uic declrophoreti^jnatcnal ^ 



20 



B,,uiu. «*.v -rr.'; ft ' - — emitted m response w wu^.j- - oc 
zc or shape for-.clan y. ~ c . JJL. of U ie declrophoretic . ma cnal do- l>5 

Referring to T^*t„iSSfdLS5ror p£d on the anode is directly visible 
tcr 20 designates a l un ™^* ffiudw tJl . ; -node 28 without transmission 

display and recording : J™«* Y^J^nfi S and absorption by the suspension 



a 



suspe*™,, SS^I^Kd* side of .he pane. 

"a^ 1 - - ***■*- SWE52 sr^aiKt" 



25 ' The suspension layer 21. in^a 
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nneiy u«>uw t~-~ -- . narliccs of v.,, ii.w , nav not l« so. and a iui«nne.v-eiu 

T* 0 ^ 1 ^^^^" 1 ""* ™$on medium ca,\ be used. Indus 

| C S and subsfquS Figures." The two J* lhc pane , may exhibit, «* * 

** oi ! th- suspension layer 2 are in co!ours; wh^i are additive mixlu.e, of uiw 

coma-"t re p2rivelv P with first and second lumtoIl colours of the medium and the ^ 

? . ?h nnH 29 which are of material ^trophotoretic material. The dev w, or 

electrodes 23 and 2J. .mv. ~~ P H , c w ;„ show . al olec- 



50 



l t n ^JlS^m »* S n ton flux and visible light, 

shown diagrammaticauy in i ^ way. when the device is exposed to 

Radiation sources 32 and 3o. fee £ am P£ u« radiation flux its luminescent appear- 120 

55 «**^^«J^ W P» I S , 3 I S ance S Change due. to dcctrophorcuc 

opposite sides of he i paws so movement of the material 26 
radiation flux on bom siaes ol u.v. i . . f . ( , ainount of the clcctro- 

sion layer. If Uic ^^1°^™^ „horX ma\crii-l k deposited on the anode. 

26 is luminescent ^^.^iSS^ fhaT So ^appearances produced at the 12> 

60 -de side <Ta* panel d^t = 
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is subject to continuous control by con- Figures la, 16 and lc. If the eiectxoplioretic 

trol of the amount of material deposited material is luminescent and the suspension 

elcctrophorelically on the electrode, and medium is non-luminescent and strongly 

this can be controlled by the direction, mag- absorbs light emitted from the clectro- 

nilude or period of application of the volt- phorctic material but transmits the radiation 70 

age. Since the colour at the cathode side of flux without substantial absorption, the 

the panel is affected by the electrophoreiic brightness of the device with the same 

movement of the dectrophorelic material spatial distribution of the elcctrophoretic 

toward the anode, the colour of the dis- material as indicated in Figures la, \b and 



10 play panel can be changed by varying the 
magnitude, the duration and the polarity 



lc is medium, high and low, respectively. 75 
On the other hand* if the non-luminescent 



of the applied electric field. suspension medium does not substantially 

Electrophorctic material deposited on an absorb the light emitted from the olectro- 

electrodc surface by electrophoresis will phorctic material but strongly absorbs the 

15 remain on the electrode after the removal radiation flux, the brightness of the device 80 

of die applied electric field, and this means in the conditions of Figures la, lb and lc 

that the display device described serves to is medium, low and high, respectively. Thus r 

record information without the sustained die colour characteristic of such a device at 

-US£_ of electric fiel d or power. The panel the side op posit e the radiation so urce enn 

_ 20-jean~ be r restored to its original colour by be_ chang^-^tgr^tjplication of a suitable "85— 
an appropriate electric "field of reverse direct voltage. There can also be used sus- 
polarity or by the application of strong pension layers in which the suspension 
mechanical vibrations to the device. An medium is also luminescent, or the electro- 
applied A.C. electric field to the suspension phoretic material is non-luminescent but 
25 layer can also effectively restore the original the suspension medium is luminescent 90 
colour of the panel. When there 4s only one luminescent corn- 
Wit h the device shown in Figure 1, ponent in the suspension layer another 
changes of the luminescent appearance of component in the suspension layer must be 
the suspension layer can be observed from substantially opaque to radiation flux or 
30 both sides of the panel since the radiation visible light emitted from the luminescent 95 
sources are positioned one on each side of component 

the panel, and two walls of the housing and A device in which the radiation source is 

the two electrodes arc aH transparent to located behind the panel is useful for many 

radiation flux and visible light If it is dc- display purposes as it does not require a 

35 sired to observe the device from one side large space in front of the panel. 100 
only the other housing wall and the attached The unidirectional voltage for control- 
electrode can be replaced by an opaque iing 'die eleclrophoretic material need not 
conductive plate such as a metal plate for be a constant direct voltage and may be 
example, and the corresponding radiation any other unidirectional voltage such as a 

40 source omitted. A suspension layer com- pulse voltage or pulsating voltage. 105 

prising a luminescent suspension medium The radiation flux for activating the 

and at least one luminescent or non- luminescent suspension layer can be any of 

luminescent electrophorctic material sus- a number of suitable sources; in addition 

ponded in the luminescent suspension to ultra-violet light there can be used 

45 medium can also be used. At least one of visible light x-ray, y-ray, electron beam or no 

the components of the suspension layer, that a-particlcs. Such luminescence phenomena 

is the. suspension medium or the electro- are usually called photo luminescence, radio- 

phoretic material, must be luminescent and luminescence or cathodoluminescence, rcs- 

anothcr component must be substantially peutively. Examples of ultra-violet sources 

50 opaque to the radiation flux and/or visible include fluoroescent lamps, mercury lamps. 115 

light emitted from the one luminescent com- xenon lamps -or sun light 

ponent The desired opacity can be due s to Ultra-violet fluorescent lamps such as. 

absorption and/or rcttcction ot the rama- for example, a lamp radiating in a ransc 

tion flux or visible light alx)Ut 2537A. chemical lamp radiating ultra- 

55 In another form of the device a radiation violet light of about 3000A or a black light 120 

source is disposed behind the panel and lamp radiating ultraviolet of about 3600A 

visible light is emitted from the front When arc convenient to use. By positioning several 

a device of this type is observed through lamps behind the display panel a relatively 

the electrode 28, for example, die radiation slim display device can be made, emitting 

60 source 32 is removed and the housing wall visible light information from the front of 125 

24 and the electrode 28 must be trans- the panel. 

parent to visible light and the housing wall It is not necessary that the radiation 

25 and the electrode 29 must be transparent source should be positioned outside the 
to the radiation flux. The operation of such suspension layer, and the source can be dis- 

65 a device can be explained with reference to posed inside the layer. Radioactive isotopes 130 



I J 14.906 



: . -rfium strontium 90. deposited on tlic anode surface, whereby the 

such as. for examrfe, radium sJhablc device emits electroluminescent. light .at 

tritium or promethium l *J Tfdre the anode. In consequence, a device having 

flux such as ~P-£^*53E "£ a suspension layer in a liquid stale bnght- 



flux such as «-partices or c.ec rons. uu*, - — skm j m a liquid stalc bright- 
suspension layer jnd"^*^'^.^! ened by an electric field having a direct 70 
5 active isotope and at least on conmonent. cannot produce a stationary 




the device is ^V^^^StiS te%l on the one electrode. If. as described 

ternal source of "l^^SiBion hereinafter, the suspension layer is hard- 

10 The means for activating ™ e .^P™* * ^ aftcr thc desired spatial distribution of 

layer is not restricted ^^St'SSt Z TeSrophoretic material is established 

and the layer can be made to cmi^ v»d« ^ ^^i^onai fic i d . application of 



75 




^^"-nin^J^ag *SS. hVbrigiun^ tf^pSn hyer can 
phorctic susp™ layer incudes ttjw * ^ des5red CQ , th d s , ay 

one component consisting ot an ^eicu o changing the spatial distribution of 

Sav^VTrirfeld 'apj^i STS the electrophone material in the suspen- 

^irAV^ cTL any an . dectrolum^ 

the colour of the 
o phorctic and sus- 

pulsating licld- Whcn me =; ''^ io ;"" m 7 diums " ^ e r in hue and/or 



SO 



85 




The magnitude jyj ^St^K^SiS* Wack dyes 

quency of ^ "^fX^suW^ in in ctliyl acetate or kerosene. 

50 ^JSSSS^S^^i^ fre- Figures 2* and U.show another form of 

^ f K« anolicd alternating voltage to display means: in these and in subsequent 

JKLnt of Cnr tovccn the "dec nSA similar parts hear similar refer- 

inrf^ the devkc "emus lidit. at both clcc- In Figure 2 a luminescent or non- 

r£ cvclical y Irving at the frequency i Uin inesccn: porous layer is inserted in a 120 

55 l ?^«Sd I voltage suspension medium 36. The suspension 

of the applied volta e. Jg & ,5 and (hc 

On the other hand "^stribuUon elcclrophoretic material 26 together make 

sion layer having a .^"JSwa up a luminescent electrophoretic si.spen- 
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its surfaces, a luminescent colour will be 
produced which is a mixture of th lumin- 
escent colour of the clectrophoretic material 
26 and that of the luminescent porous layer 
5 35, if the porous layer is luminescent and 
the colour can be seen from both electrodes. 
In Figure 2 and subsequent Figures the 
radiation sources are omitted. 

If for example the porous layer emits red 

10 light when subjected to ultra-violet light, 
the display device emits yellow light at both 
electrodes, being an additive mixture of 
the red luminescent light of the porous 
layer 35 and the green light of the ciectro- 

15 phoretic material. If a unidirectional electric 
field as applied between the two electrodes 
28 and 29, the electrophoretic material is 
caused to pass through the porous l ayer a nd 
to be deposited on. one eleclrodc;^der^nding 

20 upi)|uKs polarity, for example the anode, 
as shown in Figure 2b. Also, for ease of ex- 
planation, it is further assumed that the 
display is observed from one side only, that 
is from the side of wall 24 and that the 

25 radiation is direolcd against that side only; 
in such an arrangement the housing wall 25 
and electrode 29 could be replaced by an 
opaque electrode such as for example, a 
metal plate, ft the layer of eleclrophoretic 

30 material 26 deposited on anode 28 is opaque 
to the radiation flux and/or the light emitted 
from porous layer 35, the device in the ex- 
ample given will show the green colour of 
the clectrophoretic material. With a direct 

35 voliage of opposite polarity applied between 
electrodes 28 and 29, the clectrophoretic 
material is caused to pass through the 
porous layer 35 and to be deposited on the 
electrode 29. If the porous layer is substan- 

40 tially opaque to the radiation flux and /or 
the light emitted from the clectrophoretic 
material, the red light emitted from the 
porous layer in response to the radiation 
will be seen. Thus, the colour, characteristic 

45 of the device can be changed from green 
til rough yellow, to red, or vice versa, de- 
pending upon the polarity of the applied 
direct voltage. 

In another arrangement, the radiation 

50 source is arranged behind die panel, as 
source 33, and no radiation is directed against 
the wall 24, from which side tiic device 
is observed. If the porous layer 35 and the 
clectrophoretic material 26 are opaque to 

55 radiation flux but transparent to visible 
light, or are opaque to visible light 
but .transparent to radiation flux, the 
colour characteristic of the device can be 
changed from the green, through yellow 
60 to red, or vice versa, again depending upon 
the polarity of die appfied direct voltage. It 
is not always necessary that the porous 
layer and the elect rophoretic material 
should both be luminescent: if one at least 
65 is electroluminescent, the colour character- 



istic of the device can be changed by vary- 
ing the polarity of a respective direct voltage 
puise or a pulsating electric voltage from 
voltage source 30. 

The porous layer 35 can be made from 70 
any luminescent or non-luminescent sheet 
material in which pores exist or can be pro- 
duced. The pores must be of a size large 
enough to permit the particles of electro- 
phoretic material to pass through but must 75 
be as small as possible to disturb the trans- 
mission of radiation flux or the light 
emitted from the luminescent component. 
Suitable materials include cloth or a mesh 
fabric woven of natural or artificial fibres; 80 
a fibroid sheet having thousands of irre- 
gular pores; a thin plate with a very lan*e 
number of very small holes; and a sheet 

«»»t*vw« -v/ t n-g 4 auuiai -■latuic -tiOTiGcu 

wuh resin or an adHS$S-agent to form a 85 
porous structure. 

In the construction of Figure 3a a sus- 
pension medium 39 includes at least two 
kinds of clectrophoretic materials 40 and 
41 in finely divided powder form. For sim- 90 
pfacit/ of description, it is assumed that the 
suspension medium 39 is non-luminescent 
and transparent to radiation flux and visible 
nght. The suspension medium and the ma- 
terials 40 and 41 together provide a lumin- 95 
cscem elecirophorctic suspension Ia^cr 42 
The two materials 40 and 41 differ with 
respect to charge polarities and luminescent 
properties. It is not necessary that both of 
the electrophorctic materials 40 and 41 of 100 
the suspension layer should be luminescent 
Fins device displays at its opposite sides 
a colour which is a mixture of die lumines- 
cent colours of the two kinds of clectro- 
phoretic materials 40 and 41 when excited 105 
by radiation flux or alternating electric 
field. 

If a unidirectional electric field is aoplied 
to lac clectrophoretic suspension layer, the 
two clectrophoretic materials 40 and 41 of 110 
different types arc caused to move electro- 
pnorctically in opposite directions. The ma- 
terial of positive polarity moves towards the 
cataede and is Uierc deposited, and that of 
negative polarity moves to and is deposited 1 15 
on tnc anode, as indicated in Figure 3b. 
If the material of positive polarity emits, 
for example, green light and the other and 
negative material emits, for example, red 
Iigat. a spatial distribution of electrophoretic 120 
materials 40 and 41 as indicated in Figure 
3b wiH result, producing a green colour at 
the cathode side and red colour at the 
anode, since the electrophoretic materials 
arc substantially opaque to radiation flux 125 
and /or visible light. 

Before the unidirectional electric field is 
applied the device has a^ yellow colour at 
both electrodes, due to uniform spatial dis- 
tribution of the green-luminescent material 130 
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cent component in the suspension layer is 
excited by the radiation llux or electric field 
sucii as alternating pulse or pulsating elec- 
tric Held, applied thereto. 

The luminescent paiperty of the suspen- 
sion layer is susceptible of control by a 
direct c'eclrie field applied to it: luc apphca 
field chanees :!ic spatial distribution of the 
eleclrophoreUc material in the suspension 
medium cicetroniiorolicaliy so that the mag- 
nitude of the radiation llux for producing a 
«iven brightness of the luminescent compon- 
ent in the suspension layer changes and/ or 
the lisht emitted from the lumincicenl com- 
ponent in the suspension layer changes in 
strength and/or spectral property be ore the 
li<rht emenres from Uie device. I he sus- 

laiiiixiij. t - . „ r „^: ch 1S D^nsion layer, therefore, must comprise at 

both sides a luiaaiosccnt "'^.^V* Est one component which is substantially 
_ _a mixture of the I«™«^ t ,jfSs wUh. respect to the -radial on llux 

W=t*b idads of d«uoph<"^ 'S^nJffi^SSor die fighi emitted r.-om; the lununes- 



and the red-Iumincsccnt material, as indi- 

'^J^£n«***« the display 
or display and device can be reversed b> 
revcrsin- the polarity of the applied duy-t 
StaS^A device cL be provided having 
a radiation source al one siae only as des 
cribed above. . ... 

In the device shov.11 in t«=«r« Aa a. J 
46 an electwphoretic suspension layer 4, 
deludes a suspenson medium .>9 and at 

k£ two kindfof ^J^J^S£ 
4? and 46 in finely divided powder orm 
the two materials have die »™ 
noiaritv but different dectrophoMic 
nSies and . iummesccnt «ogl« 
Hiiiallv the device of Figure 4a ha* on 
S? sides a luminescent colour whirls 



70 
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25 



35 



40 



45 



of ihc material « is s^JS Taster 
material 46, the material 45 moves raster 
than materia! 46 in the suspensi0P^la%er 
under the elfect of the electric fic d and a 



be transparent with respect to visioic num. 
When the suspension layer is excited so ah 
to emit liirht in response to the radiation 
ilux it is" further Jiccesxary that at .east too 
* _ L - <l.. i ..-..iio ->J. :mri 25, and 




acpoMi^u Hv.*«vjL ,»viiihiK a iransDarent to me niuiuuun uu.w — 

inVigure 4*. The device tnu ^ exhibits a ran,p ^ q{ m 

yellow colour toward tnc^ catl .odo ana a >oss radiatioii source toward )0 5 

blue colour toward ^ T£« * «^ 'wU 24. that is. toward the front pi the 

cause the electrophoreae mat mJs 45 ana * i ^ 25 ^ & wth , hc 

u y 0 - oac l uc t0 ra<S!aUon £ 4 bchind lhe panel. In any arrange- 
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suspended ui i"" — — - . \„a i nr 

laver can comprise a porous, ayer and. or 
anodier elcciraphoretic material rA^a inaj 
have a dilferenilumincscent.prope ty. oppo- 
site charge pointy or different clcaro- 
phoretic mobfity from at *%™*J* 
clectrophorctic materials.. The electro 
» .-1 ^r,c;nn invcr include 



120 



across uie enure wan i«v «- — 
pnorcuc uiuuniij ~. ^Urtro- tended to be observed onlv from the side ot 

electrophoretic "■•gJ-JJfc, a fSt wall 24 and s?, wall 24 and the electrode 125 
phorcHc *%^^£^ l %S t £ from 52 are made transparent. to al least visible 
uie " r rr*"-"^ of f suspension light. If the .electrophoretic suspension aver 



" • -.^.r comobnent selected from 52 are made transparent ra ai 

m,n " *onsf^^ of r suspension light If the electrophoretic suspension aver 

uw group JJ. Material and a 50 is electroluminescent. the device will d«s- 

med.um ^^"^'^S suspension play the symbol upon application of. for 
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or ail alternating or direct pulse type voltage 
between electrodes 51 and 52. Th colour 
of the *E* can be changed for example by 
reversing the polarity of the applied direct 

5 voltage. 

When the layer 50 emits light when ex- 
cited by radiation uux; the device is pro- 
vided with at least one radiation source, in 
front of or behind the panel, and the wall 

10 and elect rode attached exposed to the radia- 
tion Uux must be transparent to it. The 
colour characteristic of the symbol- can be- 
changed, while the suspension layer is ex- 
posed to radiation flux, by varying the mag- 

15 nimde, duration of application or polarity 
of the applied direct voltage. 

The construction shown in Figures 6a 
and 6I> includes a luminescent^ clcctro- 
plic<ettc^¥sfnnsion"ia 

20 any of tb^sfecirophoretic suspension layers, 
described, such as feyer£-2t7 37, 42 or 44. 
The layer includes at least one clcctro- 
phoretie material suspended in a suspen- 
sion medium and is cJidoscd in a housing 

?5 22 having two opnositc major walls 24 and 
25. 

A first electrode 53 is composed of a plur- 
ality cl: separate segmental electrodes 
S t — 5-. A second electrode 52 extends uni- 
30 formly over the area of wall 24. The wall 
and electrode through which the device is 
observed are transparent to at least visible 
light. When layer 50 is exposed to radia- 
tion flux iq cause it to emit light, the wall 
35 and adjacent electrode exposed to radiation 
flu:: must be transparent to die flux. Elec- 
trodes S. — S r arc connected through con- 
ductive leads io electrical terminals T, — T- 
positioned on the exposed surface of the 
40 wall 5 as shown in Figure 6b. The elec- 
trodes S t — S ? provide a inonogrammic de- 
vice, so that different combinations of the 
electrodes S t — S ; can be used to present 
different numbers or characters when a 
45 direct electric field is applied across the 
selected segmental electrodes and the sec- 
ond electrode 52 while the suspension layer 
50 is exposed to radiation flux. For ex- 
ample, a direct electric field applied across 
50 the electrode 52 and the segmental elec- 
trodes S., S 4 , S-, J> fi and S- wHl cause the 
device to display a formalised figure *3\ 

Tn ano'ihcr method of connecting the seg- 
mental electrodes S, — S ? to the respective 
55 terminals, shown in Figure 6c, the electrodes 
are connected to electrical terminals located 
on the edges of the wall 25 -by using leads 
L, — L y formed on the same surface as die 
segmental electrodes. Otficr methods of 
60 making the necessary connections can be 
adopted. 

Tlie construction of Figure 7 includes a 
suspension layer 50 which can be any of the 
layers described such as layers 21, 37. 42 
65 or 44 and as such includes at least one 



elcctrophorelic material suspended in a 
suspension medium, enclosed in a housing 
22 having major walls 24 and 25. 

A first electrode consists of a scries of 
strip electrodes x„ x- ( x,, . . . which are 70 
parallel to each other and arc attached to 
the inner surface of wall 24. A second 
electrode is attached to the inner surface 
of wall 25 and consists of a further series 
of strip electrodes y„ y-, y 3 . . . . parallel 75 
to each other and at right angles to elec- 
trodes x lt X-, x- . . „ 

if the device is to be observed through 
the wall 24 the wall 24 and the adjacent 
electrode must be transparent to visible 80 
light When the suspension layer 22 is ex- 
cited by the radiation flux so as to emit 
light, the device has at least one radiation 
source irrfr orit-of or-bchind-ihe-panel;— fhe 
-housing— waU-and . the electrode facing to- 35 
ward the radiation source arc transparent 
with respect to the radiation flux. 

A unidirectional electric field is applied 
between one electrode of the series x 4 , x 2 , 
x 3> . . . and one of the scries y t , y Si y 3 , . .". 90 
If, for example, voltage is applied" between 
electrodes x 3 and y 3 , diat part of the sus- 
pension layer 50 at the intersection elec- 
trodes x- and y. Is subjected to the field 
and forms one picture dement The 95 
narrower the strip electrodes, die smaller 
the picture elements thus formed. 

More than one electrode can be selected 
from each series to enable a desired pattern 
of picture elements to be built up. Scan- too 
ning techniques can be utilized to scan die 
picture elements sequentially and cyclically. 
'The desired series of strip or scgmentaL 
electrodes as shown in Figures 5. 6 and 7, 
can be prepared by any suitable method, 105 
such as electrodeposition, vacuum evapora- 
tion, printing or photcctching^ techniques. 

Another embodiment of the invention is 
shown in Figures tkr. 86 and 8c. This in- 
cludes a suspension layer 50, which can be 110 
any of the layers previously described. The 
layer includes at least one clcclrophoretic 
material suspended in a suspension medium 
and is enclosed in a housing 22 having 
spaced walls 55 and 56; at least one wall, 115 
in this case wall 55, consists of a sheet of 
an insulating material such as polyester, 
cellulose acetate, cellophane or polyethyl- 
ene. 

An electrode 57 is placed on the outer 120 
surface of the wall 55; it is not fixed to the 
surface of the wall and can be easily re- 
moved. The electrode is, however, coupled 
to the suspension layer 50. The second 
electrode can be, for example, a metal plate 125 
and as shown is constituted by the other 
wall 56 of the housing. 

If the second waH has- a high electrical 
resistance, a second electrode can take the 
form of a thin electrically conductive film 130 
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". " „.^,.„ - f f i,_ .vj.ii »wo walls, or one or bolh surfaces of thc- 

attached to the inner surface i ol ue «J two ^ q( ^ 

56; again, it is ^.P?*ftRJ?? h ",55 adjacent waU. The spacer need not be in- 

clcctrodc. a metal plate on vj itch the waU attjatxiu wau $ c t» ^ a 

56 h ; placed. If the wgSS y d« ^Ss layer such as 35 jf thaHayer is cap- 70 

5 %£j^*&£«^ - he« 35 a spaccr ^ 

^ffSntact area of the ******* ' J'krtLfgffii insutTg 

can be given a pattern and when a direct m Fi git* Hou n ?j 

10 electric licld is applied correspond ng pat- ^ «^de* 29 connected to a voltage 

terns are produced on the surfaces of walls an * ***** e £ 1 d clcctrodc 2 9 are 

55 and 56 due to the "lovcinent of the soum^ Jfc WoU ^ ^ « ^ 

clcctrophpretic matenal and Urn pattern g ns ^ to h ? elcctrephorclic suspension 

wUl persist after removal of deJK*. *i. - • ""i Q d u hous in e is designed to 80 

S.H s hSlf»a.l »dia- a 8un Sl 

tion fiux must be transparent to it -nc uvv«.w mwu ^ b ^ 
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able of bans moved freely over ^SlSS Bv modutofing the beani intensity, 

of wall 55 and it is then possible to produce wusj^ ™ accordance with a video sig- 

a desired pattern, or writing, on tte surface fo examp cm a 

of the wall by ^S^T^St Ac to? cSondlig electric field acU 

25 pen electrode and electrode at 56. \\.<uk, ^ clci .. ho £ lic , a v cr 50. When the sus- 

electrode 57 is moved. pc i5 s:o'i layer is exposed to radiation flux/ 

The desired electric field across the jus r«.w> • > 'reproduced on the walls 



90 



95 



irons in a manner similar to taat usca >n 

electrostatic recording. „„„„_,,. - envelon- and through wall 55. or through 

To erase the elcctrostauc patterns .a ca^j- «najj»«^ j , hu - 

roller having a conductive surface can be tn .« I 2d^^ d . v/a „ 2 5 are 100 

35 used, with alternating or direct voltage ap- — diation flux and to visible 

plied to it. the roHer being moved o,c. the g^^SJ^g necessary. The first 

insulating sunace.of die wr.H. Aitcrnau\«>. »=" - . , 9 ^ and t IC c \. x . 

positive or negative ^Xf ,^ 61 a^ « a cathode. The visible 

be put on the surface of the wall to piedu-c ireu ^ W5 

40 the erasing electric aeld. Srv cmteion characteristic of wall 55 . 
It is preferred to insert between walls 53 - fa a mocnficat i on c f the display device 
and 56 a spacer such as a porous layer So. ;„ Haurc 0 Uic , %va \\ 55 is replaced by 

as shown in rigure 8f>. or a s.ieet navui a xvire-mosaic faceplate consisting of a 

a large number of projections, as shown in ^ alasj . shcct havir/I embedded therein 1 10 

45 Figure 8c. particularly when the walls are ^ ^ nunibcr c f fin/transversely extend- 
of flexible material. Said spacer is substan- -, lis wirc . mcsa i c provides the 

liailv transparent to visible lignt and radia- e £. trioal con nection between the electron 
tion flux and serves to keep lac wans dd ^ ^ vacuuin thc clectrophoretic 

and 56 apart, and preserve the desired suspinsion | ayor outside thc vacum. The H5 

50 Uiicknoss of layer 50 despite pressure • y^ iI0a bsam c harsres the wires of thc 

applied to the wall of the housing due to f ^ ggSe ^ SQ app|ics ; n }nput clcctric fie i d 
die pressure of the clcctrodc 57 or to oena- ^ suspcns i on | ;lV er. 

Mral is a x*xa «mk<* "™ r S if a S^iton medium and is 
CO in ^^"^^Srss^b X£TKtee?tobpE&on«.*c. 
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c^uisite degree of dectrophotcric mobility 
is possible when voltage is applied. A suit- 
able suspension layer may be in a solid state 
at room temperature but capable of being 

5 softened by a suitable method, such as 
heating or the addition of a solvent. 

An electrode 57 is shaped to give a de- 
sired pattern of contact with the surface of 
the suspension layer. A direct electric field 

10 is applied between the electrodes so as to 
move the elcctrophoretic material clectro- 
phorctically while the suspension layer is 
softened by heat or by means of a solvent 
The suspension layer is exposed to radia- 

15 tion flux and when thereafter the electrode 
57 is removed the pattern remains on the 
surface of the suspension layer. If the base 
plate is transparent, a complementary pat- 
tern of different colour can be observed 

2G -thrGugh-the-baserpiate^A-pe^ 

can be produced by cooling- the sfBj§5si5rf 
layer or by evaporating the solvent as the 
case may be. If the base plate 65 is con- 
ductive, it may be used as the electrode, and 

25 a separate electrode 66 is not required. 

The luminescent component in the 
luminescent elcctrophoretic suspension layer 
can be a fluorescent material of the type 
used in fluorescent lamps, scintillators, 

30 cathode ray tubes, radar or luminous paints. 
The luminescent electrophoretic material 
can be organic or inorganic fluorescent ma- 
terials in a finely divided powder form; 
fluorescent pigments or dyes can be used 

35 directly. Fluorescent material which can be 
used include material in the form of a main 
body consisting of the oxide, sulphide, 
sclenide. silicate, phosphate or tungstate of 
metal such as calcium, barium, magnesium, 

40 zinc, cadmium or strontium. A small amount 
of manganese, silver, copper, antimony, lead 
or bismuth is added, as an activator, to the 
main body. Organic fluorescent materials 
which can be used include dyes such as 

45 diaminostilbenc group, fluorescein, thio- 
flavinc. cosine or rhodamine B. 

The luminescent appearance of the ma- 
terial refers to the intensity and/or spectral 
distribution and persistence of the light 

50 emitted from the luminescent material in 
response to radiation flux or electric field 
applied thereto. Suitable luminescent sus-" 
pension medium can be prepared by dissolv- 
ing the fluorescent dye in a liquid carrier 

55 or by suspending electrically neutral fluores- 
cent material in finely divided powder form 
in a liquid carrier. 

The luminescent porous layer can be 
prepared by using non-luminescent cloth, 

60 mesh or porous layer material, dyed or 
coated with fluorescent dye or pigment or 
by binding together fluorescent material in 
granular form, using resin or adhesive 
agent, to form a porous structure. The 

65 elcctrophoretic material need not be lumin- 



escent when the suspension medium or the 
porous layer is luminescent; non-lumines- 
cent electrophoretic material which can be 
used includes, for example, carbon black, 
graphite or titanium dioxide. Black pigment 70 
may be opaque due to absorption of visible 
light and white pigment may be opaque due 
to reflection of visible light 

An electrophoretic material suspended in 
a suspension medium usually has a charge 75 
which is positive or negative depending upon 
the properties of the electrophoretic ma- 
terial and the suspension medium. 

Hie elcctrophoretic suspension -layer 27 
or 37 of Figures la or 2a can consist of a 80 
single elcctrophoretic material of either 
positive or negative polarity, suspended in 
a suspension medium. The electrophoretic 
suspension layer 42 or 44 of Figures 3a 
-cr-4a -must-^^ - 0 -f §5 

: electrophoretic materials suspeiidcd^h^hc 
medium. These iv/o kinds of elcctrophoretic 
materials must have different luminescent 
properties, and different charge polarities 
or elcctrophoretic mobilities. Accordingly. 90 
in preparing an elcctrophoretic suspension 
layer such as 42 or 44. at least two electro- 
phoretic materials having suitable lumines- 
cent properties and elcctrophoretic proper- 
ties must be selectively suspended in the 95 
suspension medium. 

The suitable average particle sizes of the 
finely Divided particles depend upon the 
stability of die resultant elcctrophoretic sus- 
pension, and lie usually in the range from 100 
0.1 /t to 50/.'.. 

It is advantageous to add a suitable 
charge control agent, dispersion agent or 
stabilizing agent to the electrophoretic sus- 
pension layer in order to provide a stable 105 
suspension layer. To control the charge pro- 
perty of the suspended particles, it is pre- 
ferred to use particles coated v/iih a resin 
wmch is not soluble in, or only partially 
soluble in. the suspension medium. If the 110 
coating resin i s partially soluble in the sus- 
pension medium, it can also act as a fixing 
agent for a displayed image. ° 

There can be used, as a suspension 
medium any suitable liquid which is inert 115 
to the electrophoretic material, the porous 
layer, the housing and the electrode. For 
producing a temporary display there can be 
used as a suspension medium in a liquid 
^?i c al tc ™psnUurcs. that is from 120 

■ V i° f C * Suitable suspension media 
include for example, kerosene, trichlorotri- 
luoroethane. isopropyl alcohol, mineral oil 
liquid paraffin or olive oil. For producing 
a permanent display, that is, a permanent 125 
or semi-permanent copy, the suspension 
medium may be one which is in a solid 
s<ate at room temperature but can be 
rendered fluid or liquid-- above room tem- 
peratures, that is. above 35°C Such media 130 
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display or the nature of the suspension, or 
both, but the cells must be at least greater 
than the dimensions of the particles of 
clectrophorctic material in the suspension. 

5 By dividing the suspension layer into a 
plurality of cells or units a more uniform 
or sharply defined display can be produced 
because movement of the electro phorctic 
material is confined to the limits of each 

10 cclL Suspension material in d liferent cells 
of the same assembly may emit light of 
different colour. The suspension units are 
preferably disposed between electrodes, one 
of v/hich has a plurality of segment elec- 

15 trades as shown at E l( E 3 , in Figure 

12b corresponding to and in contact with 
the suspension in the individual cells, the 
other electrode being transparent and cx- 
teiidi ng over th e tra nsparent wall 24 of the 

20 housing, also as shov^iaJFigure 12b. If 
the ccfis arc very numerous, the electrode 
E,. E 2 , Ej, etc. can be formed as dois. In 
this way, each ceil with its portion of the 
suspension layer between an electrode scg- 

25 ment and the common electrode forms an 
individually controllable picture element 
Each cell can be caused to produce a colour 
image by applying a direct viltage between 
the common electrode 28 and the selected 

30 segment electrode while the suspension layer 
units are exposed to radiation flux. 

One way to provide electrodes for a num- 
ber of such cells which are in an orderly 
pattern is to provide a first electrode struc- 

35 ture consisting of a plurality of strip elec- 
trodes parallel to each other and a second 
electrode consisting of a plurality of strip 
electrodes which are disposed aL right angles 
to the strips of the first electrode, similar 

40 to the arrangement shown in Figure 7. The 
cell located at each intersection of a strip 
of the first electrodes and a strip of the 
. second electrodes can then be selectively 
activated, and can -be used as a picture 

45 element The cells can then, by use of a 
suitable suspension, be arranged to emit 
different colour light, for example red light 
as at 50R, green light as at 50G, or blue 
light as shown at 50B in Figure 1 2c. The 

50 production of a suitable electric field by 
appropriate voltages impressed on the elec- 
trodes can be arranged to cause selected 
picture elements to reproduce a luminesc- 
ent coloured image on the display panel. 

55 A display panel for producing a colour 
image can be provided by using mosaic 
colour filters and a suspension capable of 
changing in shades of grey between black 
and while; areas of the transparent wail of 

60 the housing or the transparent electrode 
corresponding to each picture clement in a 
display panel of the type shown in Figures 
7 or 1 2b arc selectively coloured so that 
it acts as a colour filter, for example, for 

65 red t green or blue. However, a display 



device having at least three kinds of suspen- 
sions, that is red, green and blue, gives a 
bcucr colour rendering, especially with re- 
spect to die brightness of die high lights, 
than can a panel with the mosaic colour 70 
filter on the transparent wall or electrode. 

A monogrammatic character display 
pane], similar io that described with refer- 
ence to Figure 6, can also be formed by a 
series of individual units each correspond- 75 
ing to one of the segmental electrodes 
shown. 

It is not necessary that the suspension 
layer should be defined by plane surfaces, 
and curved surfaces can be used. For ex- 80 
ample, in Figure 14, the suspension layer 
50 is enclosed in a housing consisting prin- 
cipally of two concentric cylinders 75 and 
_76. The j»"e r c v ?indtr 75 carries sui cicc- 
trode J 79^snd cylih r aer76*^h - electrode -73 35 
attached thereto. Electrodes 79 and 73 are 
similar in nature to electrodes 52 and 53. 
The cylinder 75 can be constructed to en- 
close a gas such as. for example, argon or 
krypton and mercury capable of sustaining 90 
a gas discharge. With the gases mentioned, 
uitra-violet radiation, mainly at 2537A, is 
emitted if an electric field is applied to the 
gas in conditions to cause a suitable dis- 
charge. 95 

The inner cylinder and the electrode 
attached to the outer surface of -the cylinder 
are transparent to the radiation flux. The 
outer cylinder and the electrode on its inner 
surface are transparent to visible light A ^ 
direct voltage from a voltage source 30 is 
applied between the electrodes so as to con- 
trol the spatial distribution of the clectro- 
phorctic material of the suspension and 
thereby the luminescent appearance of the ^5 
device. The source 30 can supply not only 
the direct voltage but also said electric field, 
such as an alternating field for producing 
the gas discharge. The inner, surface 101 
of the inner cylinder can have upon it a HO 
coating of fluorescent material to convert 
the light in the ultra-violet spectrum from 
the gas discharge into radiation in other 
parts of the spectrum. The device in Figure 
14 is useful as a fluorescent lamp, the colour 1 15 
oF which can be changed by varying the 
intensity, duration time of application and 
the polarity of applied direct voltage. 

The amount of elcctrophoretic material 
in a suspension medium or the thickness of 120 
the clectrophorctic suspension layer is selec- 
ted, depending upon the opacity, luminesc- 
ent property or elcctrophoretic property of 
the elcctrophoretic material, the range of 
colour change required in the device, "feasi- 125 
bility of the voltage souce and so on. 

Since the display devices described are 
of the luminescent type, a'componerit of the 
suspension layer must be opaque with re- 
spect to the radiation (lux and/or visible 130 
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^change, T^**^*^ ^2^ t Sfc^^W to^ jt 
pension layer in practical devices is . tuwany suspension layer emitted 

in the range from a few microns to a lew wro.^ ^ ^ thj . EC g , 



. w ™. a a brieht creen light through the EC glass. 

10 mm. , . When the sinusoidal voltage was applied 7d 

The following are examples of suitao;e betwcen the lwo electrodes after application 

material. of a direct voltage of reverse polarity, the 

suspension layer was deep green. As men- 

FxAMPrE I i , tioned above, the suspension layer in this 

Ten Jams oi Cyanine green B paries ™ visibIc , ighl ^hen ultra- 80 

15 which fs phlhalocyamne green summed ^by light or an alternating electric field 

Dainippon Ink Chemical Industnal Com ^ ^ h ^ p m , uscful as 

J»ay Tk Japan, were added to 100 r. 1 of colo ^ changc pan el in which green bright- 

...» c ,„n . niirMclcs had negative . _ „ f fli.-ifwr.^n* nmvder narticles 



90 



- charge, ^jfi™ VT^ST* S*=5 " 

any 



acliv; 
firi 



35 to produce a tn.rd paste. i.£ »rc P£ , luorcsccni powder parUcles as used m Ex- 100 

was placed tatweea an ""^"J^ PJ£ l a amp i c i v.ore added to 50 ml of isopropyl 
an d an EC glass eleeiro-^ so to p odu aj^ ^ mixed well by an ultrasonic 

lumiiiesJMl.c^ci^pii^^ »"^ s g° ^ a vibBtor to a suspension, llic 
having a laickness of lOgj. "V- j 2 ;-.*^ powder particles had negative charge pol- 
40 was ^transparent glass P'|f5 havI "= * ™ i(1 ^propyl alcohol. The luminescent 105 
parent conductive layer o. ^ > by £ ^ illscrt cd between two screen 
on. The suspension ^f h ^^±^Scc- sheets No. 1350 supplied by Teij.n Corn- 
ish sreen liglit through Oic EC glas> eiec s..<- produce a sandwich: a 
trodc when the suspension layer was ex pany ot jpi ^ 
45 posed, through, the tC f ass elc strode o ? ^ ^ EC ^ and ! 10 
ultra-violet radiation fl^g™ 1 * Sov was an aluminium plate, and the housing was 
lamp. When a ^^^rjSmie^ filled with the suspension to produce a 
appUed between the EC glass "? Kajcent dectrophoretic suspension layer, 
cathode and the alummium tge S housing was made liquid-tight by an 

50 the luminescent colour of the "JP^g 1 . ^Lagck What the suspension layer 

layer changed and be«n» = ^ ;S%o*d. lhr ough the EC glass dec- 

When the polarity of ^F^S, trodc< l to ultra-violet light from a b lack 

was reversed, the colour oMte ag 1 j ~ suspension layer eiu.ltcd 

layer became deep green. The « "» nes ^ ' when a direct voliage of 25V 

55 green colour of the suasion ta^jd ^ lhc EC rf ss elcc trode. 120 

be clianged >" brignmess by varym f i£ ^ lhe ^.^jum pfc e as cath- 
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alternating voltage of 150 V and 60 Hz 
was half -wave rectified by a rectifier so as 
to produce repeated unidirectional pulses of 
voltage and when this pulse voltage was 

5 applied between the EC glass electrode and 
the aluminium plate, the suspension layer 
emitted electroluminescent orange light 
when the EC glass electrode was the cath- 
ode and green light when the glass was the 

10 anode. 

The device of this example was useful 
as an electric colour changeable panel cap- 
able of being altered in colour from green, 
through yellow, to red and vice versa -under 

15 excitation by ultraviolet iigjit 

Attention is directed to our co-pending 
Applications 19611/70 and 19612/70 (Serial 
Nos. 1.313.412, U 13.413) which contain 
claims directed respectively to devices and 

"20 ~~to~ raettiods~<>r "opcratmg^v^ces^-uill^ing 
elcctrophoretic movement "~ 

WHAT WE CLAIM IS:— 

1. A display device comprising a layer, 
including a luminescent material, the lumi- 

25 ncscent appearance of <he device being 
controllable by clectrophoretic movement of 
an clectrophoretic material in said layer. 

2. A display device in accordance with 
claim 1, wherein said clectrophoretic ma- 

30 terial is luminescent 

3. A display device in accordance with 
claims 1 or 2, and comprising a luminesc- 
ent non-electrophoretic material. 

4. A display device comprising a layer 
35 including a suspension medium and at least 

one material in a form susceptible of clec- 
trophoretic mobility suspended <in said 
medium, at least one of the components of 
said layer being luminescent material, and 

40 at least one of the components of said layer 
being substantially opaque to <he radiation 
which excites the luminescence or to visible 
light emitted by the luminescent compon- 
ent said suspension being bounded by op- 

45 posed surfaces, spaced electrodes positioned 
with respect of said surfaces whereby on 
applying an electric field across said layer 
between said electrodes, the spatial distri- 
bution of said elcctrophoretic material be- 

50 tween said surfaces is electrophoretically 
changed whereby to change the- luminescent 
appearance of said device. 

5. A display device in accordance with 
claim 4, wherein said surfaces are generally 

55 parallel. 

6. A display device in accordance with, 
olaim 5, wherein electrodes are positioned 
to impose on said suspension a field which 
is substantially at right angles to the said 

60 surfaces. 

7. A display device in accordance with 
claims 4, 5 or 6. wherein at least one 
electrode is positioned on one of said sur- 
faces. 



8. A display device in accordance with 65 
any of claims 4 to 7 wherein a wall mem- 
ber defining at least one of said surfaces is 
transmisstve to energy for exciting said 
luminescent material. 

9. A display device in accordance with 70 
any of the preceding claims, wheroin said 
luminescent iiiaterial is capable of being 
rendered luminous by electromagnetic radi- 
ation, 

10. A display device in accordance with 75 
claim 9. wherein said radiation is in the 
non-visible spectrum. 

11. A display device in accordance with 
claim 10, wherein said radiation is in the 
ultra-violet range. 80 

12. A display device in accordance with 
any of the claims 4 to 8, wherein said 
radiation is energy from a radioactive 
.source. ^ -_ ^ . 

13. A" display deviafln "accordance with 85 
claim 12, wherein said source is an em- 
bodied part of said display device. 

14. A display device in accordance with 
claim 13, wherein said source is in said 
suspension. .90 

15. A display device in accordance with 
claims 12, 13 and 14, wherein said energy 
is radiation from a radioactive isotope of 
radium, strontium 90, tritium or promc- 
thium 147. 95 

16. A display device in accordance with 
any of claims 4 to 15 comprising means 
for applying a voltage between said elec- 
trodes. 

17. A display device in accordance with 100 
claim 16, and comprising means for im- 
pressing an alternating electric field on said 
layer. 

18. A display device in accordance with 
claim 16, and comprising means for im- 105 
pressing a repetitive <ini-directional pulse 
field on said layer. 

19. A display device in accordance with 
any of claims 4 to 18, wherein at least said 
elcctrophoretic material is luminescent no 

20. A display device in accordance with 
any of the preceding claims and comprising 
at least two elcctrophoretic materials, which 
differ in charge polarity. 

21. A display device in accordance with 115 
any of claims 1 to 19, and comprising at 
least two elcctrophoretic materials, which 
differ in electrophorctic mobility. 

22. A display device in accordance with 
any of the preceding claims, and comprising 120 
at least <wo electrophorctic materials which 
differ in luminescent properties. 

23. A display device in accordance with 
any of claims 4 to 22 wherein said suspen- 
sion medium *s luminescent 125 

24. A display device in accordance with 
any of claims 4 to 23^ and comprising a 
porous layer inserted in said suspension 
medium. 
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25. A display device in accordance with 
claim 24 wherein said porous layer is lumi- 

ne 2? nt A display device in accordance with 
5 any of daimsVto 25. wherein sa.d suspen- 
sion further contains a binder fo^ said dec- 
trophorctic material, which tinder is at 
tost "partially soluble in said suspension 

10 "^""a display device in accordance with 
any of cV.rnsVto 26. wherein ad suspen- 
sion medium is a hardcnablc material. 

" 8 A (Splay device in accordance*^ 
claim 27. wherein said suspension medium 

15 is heat hardcnablc. . , „ 

29 A display device in accordance with 
any of claims* 4 to 26 wherein sa.d suspen- 
sion medium is heat softenaWe. 

" 0 A display device in . accordance with 
20 any of 5aims% to 29. and W^ST 
for anolvins an e ectnc field to said suspen 
Jon aSd m^ans for controlling said electric 
field as to intensity and/or duration and/or 

25 ^M^A display device in accordance with 
anv of ins claims 4 to 30. and including a 
housfe< enclosing said layer, said housing 
orasuin* two spaced opposed major hous- 
C^wS towS which said ^pension 

30 aver and said electrodes are positioned. 

ju layer ana w accordance with 

claim 31 Sto at least one wall and the 
Sent electrode are transparent to visible 

is i,g 33 A display device in accordance with 
35 claim 32*^ one electrode . and the 
adjacent wall is transparent to energy, or 
rXtion inducing luminescence, and the 
Ser e&trode ana the other wall is trans- 

40 P T £ dSySice in accordance with 
clairn 33* SSJL one of said I wa l ls is trans- 
parent with respect to said 
lion and lias one electrode attached thereto. 

45 iSS other of the > walls « 

with respect to visible light and has a 
sc-ond electrode attached thereto. 

35 A display device in accordance with 
claim 32, wherein one of said walls and an 

50 adiacent electrode is transparent with rc- 

50 spect to both said radiation and visible 

liS 36 A display device in accordance with 
any of daimsVto 35, wherein at least one 
55 of said electrodes is in the shape of a de- 
sired pattern for display. . 

37. A display device in accordance with 



any of claims 4 to 35. wherein at least one 
of said electrodes is formed as a scries of 
independent electrodes disposed on a com- 60 

mon surface. . , . . 

38 A display device in accordance witn 
claim 37. wherein said doctrode is formed 
as a series of substantially parallel strips of 
electrode material. . o:> 

39 A display device m accordance with 
clairn 38 wherein the other electrode is 
formed as a scries of substantially parallel 
strips of electrode material. 

40 A display device in accordance with 70 
claims 38 and 39. wherein the strips of l ie 
respective series are disposed substantially 

at risht angles. . . , 

41 " A display device in accordance with 
claim 37. and comprising means to deline 75 
individual bodies of suspension pertaining 
to and controllable- by said independent 

elearodes. ^ device in accordance with 
claim 41 wherein said individual bodies of 80 
suspension have different luminescent prop- 

A display device in accordance with 
any of claims 4 to 42, wherein at least one 
said electrodes is provided with an msulat- b5 
hi" layer in contact with said suspension. 

44 A display device in accordance with 
claim 32 wherein said transparent housing 
wall or said transparent electrode lias a 
mosaic of colour filters thereon. 90 

45 A display device in accordance with 
any of claims 4 to 44 and comprising cylin- 
drical inner and outer walls confining said 

suspension. . . ... 

46 A display device m accordance with 95 
claim 45. wherein die interior of said inner 
wall contains a gas. and comprising means 
for producing a luminous electric discharge 

in said gas. 

47 A display device in accordance with 100 
any of the claims 4 to 46. said device being 

in association "with an electron beam de- 
vice the beam current of which is adapted 
to control the electric field existing across 
said layer 105 

48. An improved display device, sub- 
stantially as described, with reference to the 
accompanying drawings. 

A. A. THORNTON & CO., 
Chartered Patent Agents, 
Northumberland House. 
303/306 Hich Holborn, 
LondonTW.CL 
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ABSTRACT : PURPOSE: To eliminate unequal displays and to extend the life of the title display device 
by providing plural pieces of thin wall parts which extend from a substrate side electrode 
so as to exist near to a display side electrode, thereby preventing settlement of 
electrophorectic particles. 

CONSTITUTION: A dispersant 1 1 such as a tetrachlorofluoroethane system or the like 
colored by ink or paint, etc., and the electrophorectic particles 12 of titanium oxide, etc., 
are dispersed uniformly in the housing of the electrophorectic display device 100. Plural 
pieces of the thin wall parts 16 which extend from the substrate side electrode 15 so as to 
exist near to the display side electrode 14 opposite thereto are provided. However, the 
cells are not completely divided and are not connected near the display side electrode 1 4. 
The settling speed of the electrophorectic particles 12 is then relieved by the respective 
cells. The unequal displays are thereby decreased and the We of the display device.is 
extended. 
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